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Specifications 



1 . Title of the Invention: Medium Gas Control Apparatus for Excimer Laser 

2. Scope of the Patent's Claims 

1 ) The control device of the medium gas control apparatus of excimer laser described in 
claim 1, characterized by the fact that it is equipped with a medium gas circulation system 
enabling in a closed loop which is sealed from the outside circulation of the medium gas in an 
excimer laser device, with a device controlling the amount and the concentration of halogen gas 
in the medium gas that is circulated inside an excimer laser apparatus containing a halogen gas 
and a rare gas used as laser activation medium; 
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a halogen adding means which adds to medium gas inside a medium gas circulation 
system halogen gas generated by decomposition, containing a metal halogenide inside a closed 
container which is linked to the medium gas circulation system; 

an impurity removing means which removes impurities containing unnecessary 
halogenide in the medium gas, inserted in the medium gas circulation system; 

and with a halogen concentration control system which controls the amount of the 
halogen gas generated with the halogen adding means, so as to achieve a specified value for the 
concentration of the medium gas halogen which corresponds to a range of values from the 
detected value of the halogen concentration in the medium gas to an estimated value. 

2) The control device of the medium gas control apparatus of excimer laser described in 
claim 2, characterized by the fact that halogen gas is generated by a halogen adding means with 
thermal decomposition of a metal halogenide. 

3) The control device of the medium gas control apparatus of excimer laser described in 
claim 2, characterized by the fact that the halogen is fluorine, and that CoF 3 is used as a metal 
halogenide. 

4) The control device of the medium gas control apparatus of excimer laser described in 
claim 2, characterized by the fact that the halogen is fluorine, and that AgF 2 is used as a metal 
halogenide. 

5) The control device of the medium gas control apparatus of excimer laser described in 
claim 2, characterized by the fact that halogen gas is generated with optical decomposition of 
metal halogenide by a halogen adding means; 

wherein a halogen concentration means controls the optical amount to achieve optical 
decomposition of metal halogenide inside this halogen adding means. 
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6) The control device of the medium gas control apparatus of excimer laser described in 
claim 5, characterized by the fact that the halogen is fluorine, and that AgF is used as a metal 
halogenide. 

7) The control device of the medium gas control apparatus of excimer laser described in 
claim 6, characterized by the fact that AgF is used to achieve optical decomposition with 
ultraviolet rays. 

8) The control device of the medium gas control apparatus of excimer laser described in 
claim 1, characterized by the fact that the halogen adding means is inserted directly in the 
medium gas circulation system. 

9) The control device of the medium gas control apparatus of excimer laser described in 
claim 1, characterized by the fact that the impurity removing means is equipped with a filter 



which removes solid impurities. 
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10) The control device of the medium gas control apparatus of excimer laser described in 
claim 2, characterized by the fact that the impurity removing means is equipped with a low- 
temperature trap which removes impurities in the gaseous state from the medium gas. 

11) The control device of the medium gas control apparatus of excimer laser described in 
claim 1, characterized by the fact that the impurity removing means is inserted at the point of the 
inflow of the medium gas flowing to an excimer laser device in a medium gas circulation system. 

12) The control device of the medium gas control apparatus of excimer laser described in 
claim 1, characterized by the fact that the concentration of halogen in the medium gas is 
estimated from the strength of the laser light output by an excimer laser device. 

13) The control device of the medium gas control apparatus of excimer laser described in 
claim 1, characterized by the fact that the concentration of halogen in the medium gas is detected 
by a gas analyzer. 

14) The control device of the medium gas control apparatus of excimer laser described in 
claim 13, characterized by the fact that the spectral absorption mode is used by a gas analyzer. 

1 5) The control device of the medium gas control apparatus of excimer laser described in 
claim 13, characterized by the fact that the gas used by the gas analyzer is extracted from the 
medium gas at the point when it is detected, with an excimer laser device deployed in a medium 
gas circulation system. 

3. Detailed Explanation of the Invention 
(Sphere of Industrial Use) 

This invention relates to a medium gas control device that is suitable for short wave laser 
oscillations, for instance with ultraviolet rays, etc., in order to control the amount as well as the 
concentration of halogen in a medium gas which is circulated in an excimer laser device 
containing halogen gas and rare gas used as a laser activation medium. 

(Prior Art Technology) 

It is known that the excimer laser mentioned above is a gas laser device generating short 
wave ultraviolet rays, wherein an excimer laser uses approximately 2,000 <?. Ar, Kr, Xe, and 
similar rare gas molecules and P 2 or similar halogen molecules are used as an activation medium 
of an excimer laser, activated with a so called timer which is linked to individual molecules. 
Several types of naturally discharged rays are created during a discharge during dissociation of 
this excimer laser, and laser oscillations are initiated after that when the rays are used to induce a 
discharge. A laser type of the excimer laser supplies a diluted medium gas with a buffer gas 
containing a laser activation substance which is a halogen and a rare gas creating an excimer, so 
that the laser activation substance is excited with an excimer for instance with an electric 



discharge. Incidentally, because the halogen contained in this medium gas is highly reactive, in 
particular at high temperatures, which can easily cause a binding reaction with an impurity if a 
small amount of impurity is contained in the medium gas, or with structural materials used in the 
laser type inside the laser device, the concentration of halogen inside the medium gas can be 
quickly reduced during the operation of laser oscillations, resulting in a decreased laser output 
which is generally due to changes in the composition of such a medium gas. That is why it is 
important to ensure a constant flow of the medium gas inside the laser pipe during activation 
with the the laser activation substance and during continuous oscillations of the excimer laser. 

Although the simplest method to ensure flow of medium gas that does not contain useless 
impurities during laser oscillations in the laser pipe is to supply new gas medium, because 
impurities generated by the reaction causing binding with halogen will exert an undesirable 
influence on laser oscillations, expensive rare gas contained in the medium gas will thus be 
unnecessarily consumed even if the conduction ratio is reduced to the lowest allowable limit. 
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In addition, harmful halogen gas will be discharged to an external part. That is why so 
called medium gas supplying methods have been employed according to the so called circulation 
method returning to the laser pipes consumed and reacted halogen gas when useless impurities 
have been removed from the medium gas while the medium gas is circulated in the laser pipe. 
The amount of the consumed medium gas can be reduced with such a method according to prior 
art to 1/5 ~ 1/10. This means that, conversely, the life span of the medium gas can be extended 5 
~ 10 times. New gas can be supplied again as necessary with a special pump. 

(Problems To Be Solved By This Invention) 

Incidentally, if halogen and fluorine gas in particular are stored in the impure status, this 
would cause a danger level that cannot be tolerated. That is why the above described halogen 
gases are stored in a diluted status and at low temperatures Accordingly, when halogen is 
supplied to medium gas, it must be supplied together with a buffer gas and the medium gas must 
then be discharged from the circulation system in the amount corresponding to the amount of the 
buffer gas. Because this discharged medium gas includes obviously also diluted gas, this will 
result in a loss of the diluted gas, that is to say a loss of the laser activation substance. It goes 
without saying that halogen gas will be also discharged as a harmful gas to an external part. 
Further, because the buffer gas which makes up most of the discharged medium gas uses 
normally a rare gas which is separated from the laser activation substance, the result is that rare 
gas is again consumed unnecessarily in the form of a buffer gas. The only means that can be used 
to solve this problem is to stop supplying medium gas in the form of diluted halogen gas. One 
conceivable method would be to use electro-dialysis of molten KHF 2 , which is widely used for 
industrial purposes, for instance when fluorine is generated, so that every time when only the 
required amount of fluorine is supplied, a pure form can be generated. However, the electrolysis 
apparatus is quite hard to operate and also inherently dangerous. Specifically, because a medium 
gas is normally used at 2 - 3 atmospheres with an excimer laser, the fluorine components must 
be also compressed. Moreover, it is quite difficult to achieve an equal compression in the region 
between the cathode and the anode during electro dialysis. 
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Further, because the required fluorine gas is generated on the anode side with the 
required fluorine gas obtained from electro dialysis, unnecessary hydrogen gas will be also 
generated on the cathode side, and when both gases are mixed, this will cause and an instant 
explosion. 

In order to solve the above mentioned problems, the purpose of this invention is to 
provide an excimer laser medium gas control apparatus which makes it possible to supply 
halogen gas with a simple and safe means to medium gas, enabling to generate halogen gas in a 
pure form, while at the sam time, a medium gas that does not contain unnecessary impurities 
generated by halogen reaction can be circulated in an excimer laser apparatus. 

(Means To Solve Problems) 

In order to achieve the above described objective, the present invention uses a 
construction of a medium gas control device for excimer laser linking the halogen amount and 
the concentration in the medium conducted inside an excimer laser device containing halogen 
and rare gas, as well as laser activation substances; 

comprising a medium gas circulation system enabling to circulate medium gas passing 
through an excimer laser inside a closed lop which is sealed off from the external part; 

a halogen adding means which adds halogen into the medium gas circulation system 
when halogen gas is generated by decomposition of metal halogenide inside a closed container 
which is linked to a medium gas circulation system; 

and an impurity removing means removing impurities having unnecessary halogenized 
substance contained in the medium gas that is introduced into the medium gas circulation 
system; 

creating the construction of a halogen concentration controlling system which controls 
the generated amount of halogen gas with the halogen adding means so as to maintain a specific 
value with respect to the concentration of halogen in the medium gas, corresponding to the 
detected value or presumed value of halogen concentration in the medium gas. 

(Operation) 

This invention makes it possible to utilize metal halogenides as a source for generation of 
halogen with the above described construction, the halogen adding means of this instruction 
contains a metal halogenide inside a closed container and this metal halogenide is decomposed 
through thermal decomposition or optical decomposition, so that halogen is generated in pure 
form and added to the medium gas. 

Because metal fluorides are particularly suitable as a metal halogenide, it is possible to 
use CoF 2 or AgF 2 for thermal decomposition, and AgP can be used for optical decomposition. 
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When CoF 2 is heated to 500 ~ 700^C and AgF 2 is heated at a lower temperature, 
fluorine can be easily generated from these components and tests have indicated that fluorine can 
be generated by this without apparent steam with thermal decomposition at higher temperatures. 
When AgF is irradiated at a relatively low temperature with ultraviolet rays, optical 
decomposition can be achieved relatively easily and steam is obviously not generated with a 
metal. Also, because the heating temperature can be controlled in case of thermal decomposition 
by controlling the optical amount, this enables to control the rate of the generated halogen gas at 
any level and halogen gas can thus be generated so that it can be supplied as required to a 
medium gas. 

Because halogen gas generated with a similar halogen gas adding means will not have a 
very high level of purity, even when this gas is added to medium gas, this will not increase the 
volume of the medium gas or the pressure. Accordingly, when a closed loop is created with a 
medium gas circulation system which is sealed off from the outside system, this makes it 
possible to avoid rare gas in the external part during supplying and adding of halogen gas as was 
the case according to prior art, which renders discharging of harmful halogen gas unnecessary. 

However, when a similar type of a medium gas circulation system uses a closed loop, 
impurities created by a binding reaction with halogen gas inside an unmodified excimer laser 
apparatus will be deposited in the loop and because this would exert a detrimental influence on 
the oscillations of the laser, the construction of this invention employs an impurity removing 
means inserted in the medium gas circulation system, removing impurities including unnecessary 
halogenides contained in the medium gas. These impurities can be in the solid form or in gas 
form. Impurities in forms ranging from solid to powder form can be removed with a filter. On 
the other hand, since impurities in the gas form will be mainly HF, N0 2 , CF 4 , etc., they can be 
removed with an adsorbant. For example, the simplest design that can be used for this purpose is 
a low-temperature trap cooled with liquid nitrogen. 

Because a halogen concentration controlling system can be used to exercise control by 
controlling the optical amount of optical decomposition or the temperature of thermal 
decomposition, halogen can be generated with a desired ratio. However, to exercise this control 
with a desired precision, the concentration of halogen inside the medium gas must be detected 
with the highest possible precision. Although the most logical way to detect with precision this 
halogen concentration would be with a gas analyzer, because the halogen concentration in the 
medium gas will in reality be decreasing, the laser output will be also reduced and this can be 
used to estimate the halogen concentration indirectly from the laser output, which is normally 
sufficient as well as practical. 

(Embodiment) 

The following is an explanation of an embodiment of this invention which is based on the 
enclosed figures. In the embodiment below, Kr is used for rare gas in the laser activation 
substance and fluorine is used for halogen, while Ar is used for the buffer gas. Figure 1 shows an 
embodiment enabling to generate fluorine gas by thermal decomposition with halogen adding 



means 30. 
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As shown in Figure 1 , laser pipe 1 1 , inserted in the main unit of excimer laser device 1 0, 
is enclosed on both ends of the pipe by transparent windows 12. Outside of these windows 12 is 
formed a partial reflection mirror 15 and a total reflection mirror 16, forming a laser oscillation 
system. In the extended parts on the left and on the side of laser pipe 1 1 is deployed a pair of 
discharge electrodes 13, enabling excitation of Kr and fluorine contained in the medium gas 
inside the laser pipe by the discharge created with both electrodes 13, 13 with a source of high 
voltage 14. Laser oscillations generated by this excitation create laser beams LB on the side of 
partial reflection mirror 15, creating laser beams which are output toward the left side of the 
figure. 



Inlet openings 1 1 a and 1 1 b, created for the medium gas on both end parts of laser pipe 
1 1, are connected by the pipes of the medium gas circulation system 20. Medium gas circulation 
system 20 includes a fan 21 used for gas circulation, creating a gas loop which is closed off from 
the pipes and from the valves, while halogen adding means 30 and impurity removing means 50 
are inserted m this loop. Because valve 22 opens into the air during the initial filling when 
medium gas is supplied initially into the medium gas circulation system, this valve is always 
closed during operations. 

Because halogen adding means 30 contains an electric heating plate 32 inside a closed 
container 3 1 and a dish 33 in which metal halogenide MH is placed, the temperature of the metal 
halogemde MH can be thus controlled with precision with attached electric heating plate 34. 
Because in this example, closed container 3 1 is provided with an output and input opening, the 
medium gas contained inside the medium gas circulation system can thus flow directly into the 
closed container 31. 
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However, the container can be also connected to the pipe arrangement of the medium gas 
circulation system with a joint output and input opening. The metal halogenide MH, which can 
be for instance CoF3, is heated by electric heating plate 32 to 500 ~ 700=». Because the medium 
gas can easily react with fluorine in the part that is heated to a high temperature, it is desirable to 
use Monel metal as the material of electric heating plate 32 and dish 33. 

Impurity removing means 50 comprises a low-temperature trap containing filter 5 1 . The 
low-temperature trap contains a low-temperature container 52 inserted in jacket 53 which can be 
filled for instance with liquid nitrogen 54 to provide cooling. Impurities are condensed in the 
gaseous state in the medium gas which is introduced from inlet opening 53 and purified medium 
gas is introduced from outlet opening 52B. Solid impurities contained in the medium gas are 
removed with filter 5 1 and impurities in the gaseous states, for instance HP, N0 2 , CF 4 etc are 
removed with the low-temperature trap. This impurity removing means 50 is preferably deployed 
in close proximity to the inlet flow point of the medium gas flowing to excimer laser device 10 
in the medium gas circulation system 20 of this embodiment. This makes it possible to prevent' 
penetration of impurities which could be mixed into the medium gas and attached to halogen 
adding means 30 and the pipe arrangement of the medium gas circulation system 20 inside the 



excimer laser apparatus. 

Halogen concentration control system 60, which can have for instance microcomputer 
construction, is connected to operating device 61, such as a keyboard of input interface 60a. 
Signal Sa, furnished to this input interface 60a, contains the estimated value of halogen 
concentration in the medium gas. Laser beams are received from a beam splitter of small mirror 
62a placed in the path of laser beams LB transmitted from the excimer laser device and then 
transmitted from optical detector 62. In this embodiment, gas analyzer 62 is connected via valves 
63a and 63b on the side of the outflow of the medium gas from the excimer laser device to the 
medium gas circulation system. The subsequent halogen concentration detection value Sb is also 
input to input interface 60a of the microcomputer in the halogen concentration control system 60. 
This halogen detection value Sb is useful during the initial filling conducted with the medium 
gas in medium circulation system 20 and laser pipe 1 1 of the excimer laser device, while 
estimated value Sa is useful for halogen control during normal operations. 

The microcomputer compares the estimated value Sa to a standard value which has been 
set in advance via operating device 61 . If the estimated value Sa is below the standard value, 
temperature setting value St is furnished to temperature regulator 34 of halogen adding means 30 
through the output interface 60b. 

Pumps 71-73 which are indicated in the lower part on the left side of Figure 1 are used 
for initial filling operations when the required medium gas is supplied to laser pipe 1 1 and 
medium gas circulation system 20. It is possible to use for instance Kr for pump 71 , Ar can be 
used as buffer gas with pump 72, and Ar can be used as rare gas for fluorine with pump 73. Each 
of the pumps 71 ~ 73 is provided with accessory pressure reducing valves 71a ~ 73a. Flow 
amount regulating valves 74 ~ 76 are connected on the output side of the pumps. In addition, 
medium gas circulation system 20 is connected via joint valve 77. When filling with the medium 
gas is conducted during the initial filling operations in the status when pressure reducing valves 
71a ~ 73a and joint valve 77 are opened, gas will be supplied to medium gas circulation system 
20 when the open instruction is sent from halogen concentration control means 60 to respective 
flow amount regulating valves 74 ~ 76. 

The ratio of the components of the medium gas can be in this case for instance as 
follows: 96.5 % of Ar, 3.0 % of Kr, and 0.5 % of fluorine. After the initial gas medium filling 
operation has been completed, the halogen gas concentration is verified by gas analyzer 63 and 
valve 77 as well as all the pressure reducing valves 71a ~ 73a are closed. Because of that, 
medium gas circulation system 20 will be cut off from the initial filling system and a closed loop 
which is completely sealed off from the external part will be formed. 

When the excimer laser device having the above described construction and its medium 
gas control apparatus are used and an instruction is sent to high- voltage power source 14 of 
excimer laser device 10 using a microcomputer for halogen concentration control system 60, this 
will cause a discharge and excitation of the medium gas contained inside laser rube 1 1, enabling 
to conduct laser oscillations. When Kr is used for fluorine as the laser activation substance in this 
embodiment, the wavelength of the laser beams will be 2,480 <?. Halogen concentration control 
system 60 will send a detection instruction DS which is synchronized with laser oscillations to 
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optical detector 62 and the estimated value Sa will be read as described above. Based on this 
value, control over the fluorine concentration will be exercised as described above. 

Figure 2 explains an embodiment of this invention which uses an optical analyzer for a 
metal halogenide with halogen adding means 40. 

[page 6] 

Because all the components of this embodiment with the exception of the halogen adding 
means are shown in Figure 1 , only the halogen gas adding means 40 which is shown in the figure 
will now be explained. The main unit of this halogen adding means is a closed container 41 
which is equipped with a transparent window 42 that can be made for instance from calcium 
fluoride. The means contains a mounted dish 43 with metal halogenide MH below this window. 
Also in this embodiment, the output and inlet openings of closed container 41 are connected 
directly to the pipe arrangement of the medium gas circulation system 20 and the medium gas is 
circulated inside the closed container 41. For the metal halogen MH can be used for instance 
AgF as explained above. A xenon lamp or a mercury lamp, etc., used for optical decomposition 
with optical source 44 for a source of ultraviolet rays, is thus operated with lighting circuit 45. 

When ultraviolet rays are received from ultraviolet ray source 44, the rays will pass 
through lens 46 and through window 42 to be condensed on metal halogenide MH. Because this 
light can be controlled by a restrictor 47 or by a slit deployed with operating device 38 in the 
path of the ultraviolet light, the amount of the ultraviolet light passing through constrictor 47 can 
thus be controlled with operating device 48. A specified value SI is input based on estimated 
value Sa for the halogen concentration from a microcomputer controlling the halogen 
concentration with the same halogen concentration control system 60 as in the previous 
embodiment with operating device 48. Operating device 48 controls the degree of opening of 
restrictor 47 by matching this degree to the specified value SI, and the amount of the generated 
fluorine is controlled by halogen adding means 40. Although not shown in the figure, a heating 
plate is deployed underneath the dish 43 to make it possible to heat up slightly metal halogenide 
MH, enabling to accelerate optical decomposition. 

This invention is not limited only to the above explained embodiment as various modes 
of this invention can be realized. Since different types of halogens and/or metal halogenides can 
be selected, this enables different variations within the scope of this invention corresponding to 
the control mode used for the halogen concentration. Although in the above described 
embodiment, a buffer gas and rare gas halogen were pumped from a pump during the initial 
filling operation to a laser tube and a medium circulation system, it is also possible to generate 
halogen from a halogen adding means generating halogen from a halogen adding means for the 
initial filling operation. And although the temperatures set for the halogen adding means and the 
optical amount setting value were based on a detected value of the halogen detected by a gas 
analyzer using optical detector 62 receiving one part of all the laser beams, it is also possible to., 
specify the value based on a detected value of halogen which is detected by the gas analyzer. 
However, since in this case, impurities contained in the medium cause could cause problems for 
the gas analyzer, it is desirable when a compact impurity removing means of the type explained 
in the embodiment above is employed on the side where the gas is analyzed. 
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(Effect of the Invention) 

As was explained above, because this invention makes it possible to add medium gas 
inside a medium gas circulating system when halogen gas is generated in a pure form by 
inducing disassociation of metal halogenides with a halogen adding means, this enables 
supplying without increasing in the amount of the medium gas the amount of consumed elements 
of halogen gas generated by a reaction inside a laser pipe, etc. Because this enables a closed loop 
which completely closes off the medium gas circulating system from the external part, it is no 
longer necessary to discharge rare gas or halogen gas into the external part as was the case 
during supplying according to prior art. Therefore, not only is it possible to greatly reduce the 
amount of consumed rare gas, but this design also makes it possible to eliminate discharging of 
harmful halogen gas. Further, since an impurity removing means is inserted into the medium gas 
circulation system, this removes harmful and unnecessary impurities generated by the operation 
of an excimer laser apparatus and the medium gas can thus be circulated at all times without a 
content of impurities in the excimer laser device, enabling to maintain continuous laser 
oscillation operations under optimal conditions. 

Because the operating cost of an excimer laser device can thus be reduced in this manner 
while harmful substances which can cause a number of problems can be efficiently prevented, 
this enables to apply automatic control to the composition of a medium gas obtained from a 
halogen concentration control system. It can thus be expected that the present design will bring a 
significant contribution to further development of practical designs of excimer laser devices. 

4. Brief Explanation of Figures 

Both figures relate to the present invention. Figure 1 and Figure 2 explain the 
construction of embodiments of an excimer laser medium gas control device using thermal 
decomposition and optical decomposition of metal halogenides during generation of halogen 
with a halogen adding means. The figures show: 

10: excimer laser device, 1 1 : laser pipe, 1 la: laser tube inlet opening, 1 lb: laser tube 
outlet opening, 12: transparent window, 13: discharge electrode, 14: discharge high- voltage 
power source, 15: partial reflection mirror, 16: total reflection mirror, 20: medium gas circulation 
system, 21: halogen gas circulation fan, 22: discharge valve, 30: halogen adding means for 
thermal decomposition of metal halogenides, 
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31: closed container, 32: heating plate, 33: dish, 34: temperature regulator, 40: metal halogenide 
optical decomposition halogen adding means, 41: closed container, 42: transparent window, 43: 
dish, 44: source of ultraviolet rays, 45: lighting circuit, 46: condensing lens, 47: constrictor, 48: 
constricting operation controlling device, 50: impurity removing means, 51 : filter, 52: low- 
temperature trap of a low-temperature container, 52a, 52b: outlet/inlet openings of a low- 
temperature container, 53: jacket, 54: liquid nitrogen, 60: halogen concentration control system 
with a microcomputer, 60a: microcomputer input interface, 60b: microcomputer output interface, 



62: laser output detection optical detector, 62: small mirror, 63: gas analyzer, 63a, 63b: gas 
analyzer gas drawing valve, 71 : Kr pump, 72: Ar pump, 73: Ar rare gas pump, 71a: ~ 73b: 
pressure reducing valves, 74 ~ 76: flow amount regulating valve, 77: medium gas initial filling 
valve, DS: detection instruction, LB: laser beam, MH: metal halogenide, Sa: halogen 
concentration setting value, Sb: halogen concentration detection value, SI: optical decomposition 
optical amount setting value, St: thermal decomposition temperature setting value. 

Figure 1 

MH metal halogenide 

30 halogen adding means 

60 halogen concentration control system 

Figure 2 
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